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ABSTBACI 



Designed t^ meet the job-related metric\measaxeme^t 
needs of students interested . in wastewater technology^ this f ^ 
instructional package is part of a .se't of -55 packages for metric 
instruction in different cccdpations. The. package is 4ii"tejaded for 
students wl^o alread^^know the occupational terminology, measurement 
terms/and tocis currently in -use. Each of the five units vin this 
instructional package contains : performance objectives, learning 
activities, an^* supporting inf ormatioj? in the form of text, 
exercises, and tables. In addition, aug^ested teaching- teciiniques are 
included. At the back of tbe package are objective-based evaluation 
items, a-'page of answers to thfe e.xejrcises and tests/ a list of metric 
materials needed for the activities,^ references , and a list of 
suppliers. 4he material" i-s- designed to accommoaaie a/ variety of* 
in4ividual teaching and learni-og styles, e.g., independent study, 
small ^roup,cr whole-class activity. Exercises are intended to , ^ 
faeilirtate experiences witji measurement instruments, tools, and 
devices us'ed in this occupation and job-related tasks o^estimating 
and measuring. Unit I, a general introduction to th^ metric system of 
measurement, provides informal, hands-dn experiences for the 
stu'dents. This unit ^enables students to become familiar with the 
basic metric units, their symbols, and measurement instruments; and 
to develop a set of mental references for metric values. The metric 
system of notation also is explaineid. Unit 2 provides the metric 
terms which are used in this qccupation and ^ves experience with . 
occupational measurement tasks. Unit 3 focuses on job-related metric 
equivalents and their . relationships. Unit 4 provides experience with 
recognizinjg and using metric instruments/and tools in oj::dupational 
measurement tasks. It also provides experience in comparing metric * 
and customary measurement instruments. .Oiiit 5 is .designed to give 
stiT^^nts practice in converting customary and metric measure me nts., a 
sk considered useful during the transition to mefric in. each 
oc cion. (M) " . ' 



Documents acquired by ERIC include many informal unpublished materiab not available from other sources. ^RICiAiLakes every 
effort to obtain the best copy available. N€?vertheless, items of marginal reproducibility ^e^^ often encountered and this affects the 
quality of the microfiche, and hardcopy reproductions ERIC makep available via the ERIC Documjent Reproduction Service (EDRS^. 
EDRS is not Responsible for the >Quallty of the original document. Reproductions supplied by EDRS are the best that can be made from 
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TEACHING AND LEARNING 
THE METRIC SYSTEM . 
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' This metric instructional package was designed to meet job-related 
mebic measurement needs of students, To use this package students 
should already know the occupational terminology, measurement 
tcnns, and tools currently in use, These materials were prepared with 
the help of experienced- vocational teachers, reviewed by experts, tested 
in classrooms in different partsof the United States.and revised befoife 
distribution. ' ' • 

• Each of the five units of instruction contains performance objec- 
tives, learning activities, and 'supporting information in the fvm of 
text, exercises, and tables. Jn addition, suggested teaching techniques 
are included. At the back of this package arp objective-based evaluiition , 
items, a page of answers to the exercises and tests, a' list of metric 
materials needed for the activities, references, and a list of suppliers. 



Classroom experiences with this instructional package suggest the 
following teaching-learning strategies; 

1. Let the first experiences be informal to make learning the metnc 
system fut\. . • j. 

2. . Students learn better when metric units are compared t6 familiar 
' objects. Everyone should learn to "think metric." Comparing 

metrit units to customary units can b^ confusing. 

3. Students will learn quickly to estimate and measure in metric Units 
• by-"tl'oing." 

4. Students should have experience with measuring activities before 

. getting too much information, ' „' ■ • 

5. Move 'through the units' in an. order which emphasizes the slm- 
* plicity of the metric system (e.g., length, to area to volumj ), 

■ ' ' ' : » ;. 

6. Teach one concept at a time to avoid overwhelming students with 

• ' too n^ch material. ■ ■ ' 

Unit 1 is a general introduction to the metric system of measure-- 
ment which provides informal, hands-on experiences for the students. 
This unit enables students to become familiar 'with the basic metric 
ufiits, their symbols, and measurement instruments; and to develop a 
set of mental references for metric values. The metric system of nota- 
is explained. ^ ' ', \ 



Unit' 2 provides the ijietric terms which are used in this occupation 
and gives experience with occuoati^nal measurement tasks. 



Unit 3 focuses on job-related metric equivalents and their relation- 
ships, 

Unit 4 - provides experience with recogniiing and using "metnc 
instruments and tools in occupational iheasuremeV ta\ks. It also pro- 
vides experience in comparing metric and' customary measurement in- 
struments. ■ ' • , ' 

Unit 5 ' gives students experience with usin^he compound metric 



. units pari;icular to this occupation, 

Unite is designed to give studdi practice in converting Custom- 
ary iind metric measurements. sfiVith . conversion tables will be 
useful during the transition to metric in each occupation. 

Using These Instructional Materials 

This package was designed to help students learn a core of knowl- 
edgfr^bout the metric system which they will use on' the job. The 
exerSlis facilitate experiences with measurement instruments, tools, 
and devices used in this occupation and job-relatedlasks oj/esiimating 
andmeaWng. 

• This instructiona oackagealso.was designed (o accommodate a. 
variety of individual teachng and learning styles. Teachers are encour- 
aged to adapt these mateniJs to their own classes. For example, the 
information sheets may be g:ven to students for self-study. References 
may be used as supplemental resources. Exercises rn>y be used in inde- 
pendent study, small groups, or whole-class activities. 'All of [the 
materials, can be expanded by the teacher, 

' ; Gloria S , Cooper 

■ . , . ' Joel H. Nlagisos 
' ■ ' Editors \ 



Jhi$publiC3ii0nwas*veloped pufspant lo'conirKl.No OEC;0-74-9335 wuh ihe 
Bureau of Occupational and Aduli Educaiipn, U S. Depanment ol Health, Educa^ 
tion and Welfare. However, the opinions Expressed herein 'do not necessarily 
reflect the position or policy of the 'U.S. Q\kt of Education and'no official 
endorsement by the U S Office of Education should be inferred, • 
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SUGGESTED'TEACHING SEQl^ENCE 

1. ' These introductory exercises may "require 
:• two or three teaching periods for all five 

• areas, of measurement, 

2. Exercises should be followed in the order 
^given to best shpw the relationship _ 
between length, area, and volume. 

■ 3. Assemble tl)e metric measuring devices 
(rules, tapes, scales, thermometers, and 
measuring containers) and objects to be 
measured.* 

i Set up the equipment at work stations 
■ for use by the whole class or 2& individu- 
i alized resource activities. 

5. Have the students estimate, measure, and 
• record usin^ Exercises 1 through 5 . 

' 6. Present information on notation and 
make Table 1 available, 

1 ; Follow up with group discussion olf 
activities. \ 



*Olher scljool departments may have devices which 
can be used. >'lelricsup[>liers ;ire listed in the referen(!e 
section. 
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OBJECTIVES' 



The student will demonstrate these skills for the Linear, Area, Volume or (j&p'acity, Mass, and j 
Temperature Exercises, using the metric terms and measurement devices listed here, , V 

■ ■ ' ■ I 



SKILLS 

1 Kpcognizpand use the 
unit and lis symbol for: 

2 Select, UK, and reid the 
ipprppriiie iriPMurinK 
initnimenU for: 

3. State or show a 
physical referencp lor: 


EXERCISES • ' 


Linear 

(pp. 3. 4) 


Area 

(pp. 5 -6) 


Voliime or Cipicity 
ipp.7'8) 


MtN 

(pp.9W0i 


Tempentun 

IP- 11), 


millimetre (mm) 
centimetre (cm) 
metre (m) 

/ 

{ 


s(|Uare * 
centimetre 
dm') 

squire 
>■ metre 


cubic centi' j 
metre (cm^) ^ 

cubic metre % 

litre (1) 
millilitre(ml) 


kilogram (k{) 

■ / 


decree Celsius 
(C). ' 

^ J' 

— — 


\. Estimale within Ufi'i'f 
(>rth<) actual H^u^re 

( ' 


heiuht. width, or 
lerjlh of objecti 


the area of 
a^ven surface 


, capacityjDf 
con la inert 


the mass of objecti 
in frams and kilo' 


. thelemjleratureof 
the lir or a liquid 


5, Read correctly 

1 


metre stick, metric 
tape measure, and 
metric mien 




mcuurementa 
un ([raduated 
volume meuurj 
in{ (Jf vicei 


a kilogram scale 
and a grarrrscale 


A Celsius thermometer 

^ — 



RULES OF NOTATION . ' : 

1 , Symbols are not capitalized unless the unit is a proper napie (mm not MM). 

2. 'Symbols are not followed by periods (m not ra.). 

• 3, Symbols are not followed by an s for plurals (2Bgnof 25 gs), 
4. ' A space separatesjhe numerals from the unitsymbols (4 1 not 41)! 



5. Spaces, not commas, are used to separate large numbers into groups of three . 
,digits(45 271 km/ioM5,271km). ^ 

6. ^<^ero precedes the decimal point if .the number is less than one (0.52 g not ,52 g). 

7. Litre and met^e can be spelled either with an -re or -er ending. 

Information Sheet 1 
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NfETRlC UNITS, SYMBOLS, AND REFERENTS 
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METRIC PREFIXES 



Quantity 



Vngth 



Area' 



f V 



Volume and 
Capacity 



I 



Mass 



Metric'Unit 



millimetre 



centi^elre 



metre 



kilometre 



jquare 
centimetre 



square metre 



hectare 



milliiitre 



litre 



cubic 

centimetre 



cubic metfc 



rrijlliKran^ 



pam 



'^iloffram 



metric ton 

(1 000 kiiofframs) 



Symbol 



mm 



cm 



m 



km 



\ 2 

m 



ha 



ml 



cpi 



k ( 



Useful Referents 



Thir^ssofdip^e or paper 
clip wire 



Width of paperclip 



Height ot door about 2 m 



'12'minute walking distance 



Area of this space 



Area of cai^ table lop 



^ Football field including siddines 
and end lories ' 



Teaspoon is 5 ml 



,A little more than 1 quart 



Volume of this 




A litjiemorethqn acubicyard 



Apple seed about 10 mg, grain of 
salt, 1 mg; 



^kel Aout 5 g 
j^'ebster'^Collegiate Dictionary 



V^kswagen Beetle 
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Table 1-a 



Multiples and 
Submultiplef 


^ 

Prefixw 


Symbflfls 


' 1 000 000 = i(f *• 


mega (niYg a) 


V 


1 — 1 

I m i 10- 


•kilo (kjl ol , 




100 = 10" 


hecto (hek'lo) 


h 


10 = lO' 


(ieka Idek^n 

■ i 


da' 


Base UnitUlo" 






'o.i = io"' 


deci (desi) 


d 


0.01 ='io"- 


centi (sej^i) 


' c 


o'oOl = 10"' 


milli (mili) 


m 


k 

0.000 001 = 10'" ■ 


micro (mi'kro) 





. -1 



* 



Table 1-b. 
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liNEAR'MEASUREMENT ACTIVITIES 
Metre, Centimetre, Millimetre ' 



I. ™;mK(m) 

A, DKVELOP A FEHLINC, FOR Tl IF SI/,K OF A MFTIIE 
I Pifc'k upoi^^ of iHv metit' 



sticks and stand it up on Iho 
, ' ' floor. Hold it nipliKv with 
\ one hand. Walk arounimie 
stit'k. iXniv stand next to 
the slick. With vour other 
hand » touch yourself where 
the top of Iho metre stick 
comes on you. 0, ' 



TllvVriSIIOWIllGIIAMF/rKK IS! . 



Hold one arm out slraij^ht 
at shoulder heiglu. Put 
the metre stick along this 
arm ii (it 11 the end hits the, 
end ol\our fingers, 
islhc(%r(^nd of tlie 
metre rtni',^\ouch your- 
self at that end. 



7JHAT;ISI10WII)X(f.\\IHTHE jSI 





3. Choose a partner to stand 
at your side. Move apari ' 
so that you can put one 
end of a met^re .<tirk on ' 
your partner's shoulller ' 
and the other end on 
your shoulder. Look at • 
the space between you. 




THAT ISTIIE WIDTH OF A METRE 



DI'lVELOP YOUR ABHJTY TO ESTIMATE L\ METRES 

Now you'wiH improve your ability to estim^fte in metres. ^ 
Remember where the length andJieight of a^metre was on your 
body. ' : ■ 



For each of the following items: 



V ■ 

ate iii%' , . 



Estimate tht^size of the items and write your estimite in 
ESTIMATE oolumn. Measure the size with your metre stick' 
and write the answer in the ^flASUREMENT column. 

Decide how clos(^^ your estimate was to the actual measure, Hi 
your estimate was within 2^"^^ of the actual ineasure you are a 
''Metric Mirvel'' ' \ ' 

How Close 

Kstimate Measurement^ Were You? 
(ni) , , (m) 



^ Height of door knoh 
fromiloor. 

.H^ofdoor. 

' Length of tah|e< , 

Width of table.. 

Length of wall of 
this room. 

Distance from 
you to wall. 




4- ' 

/lj,.THECENTlMETliErt , ' 



/•4 



III T[lE\ffLliMET{lE(miti) j S 

Thw are 1 0.;millimptrps in llTien a mpasifrpment i? ' 

2 centimetres and 5 millinvtres, yoU write 25 mm" [(2 x 10 m'ml 

A' - n/l- .... *, ' 1 • Tl " 1 AAA I' ■ , ' 



f' J!ier('ar('MnO(Tt|J;inietri*'<in-niv'm('trp, IfJheTenre lmptrp^and'. ' 
3mitifnetres,]Joii'Wi[i'l03(;m|(|xlfl0'cm)-l53™^^^ . ,' 

i,^ > *^ .'Jritij. , ^ , r ' " ' f +'5 Iran " 20'nini +.5 mm] ,' lliere are 1 000 mm in 1 m, 

A.-kvELOP/FKyAr.FORTIlES^^^ ; a. DFA'TJ.OP*Al'K^JNr, F0RJ1ILS17,F.QF A^VflLLlkXRE 



1. Hold Ihe'nft'/fir ?iilerii^inst tlie width of youi [humfiiTaU ■ 
V ,Howwidf^^sit?'_ _cm ? • - '■ 



r 



2. Measure voiittluunt) from tliff r>rs[ jo^nt to-ljie end 
• f^." cm . ' ' . ^ ' • 



I 



d»6 , 



V 3. , llsetmMiiotrirri]J{^r to find tire width of AW pa^^^ ' , ' 



cm 



^'1. #.Tlepsiire your index or pointing finder. How long is it? 



^ • ^5, JleasurJ your wrist with a tape measure, WTi^at is the distance 
' ^rounHit?^^ cm . 

' * Vi. I'setl\ftappea!iiir^(ti3 find your waist size. :_cm » 

. B,' Develop yo'ur ^ibilijy to estimate in centimetres 

. You are now ready to estimate in centimetres. For each of the 

following items, follow th.e procedures used for estimating in 
- metres. ^ ' ^ ' ' 

^ . ' HowQose 

Estimate Measurement Were You? 
• (cm) . (ci^) 

1. Lenglh,of apapeir 

- clip. ^ - 



2. Diameter (width) 
of a coin. 



^ 3. Width o}-a 
postage stamp. 

•1, Length of a 
pencil. 

6. Width of a sheet 
ofpaper^ . 

[ THE CEWTIR FOR VOCATONAL EDUCATtOJ 



Using al^uler marked in i^llim&tres, me^asur^: 

T:^ Thickness of iipa^ clip wire, _ 

, Thickness *of yotir fingernail. _ 
3." Width of your fingernail. ^ 

•l Diameter (wiijth)of acoin. ^ _ 

5. 'Diameter (thickness.) of your peiv.''! _ 

6' ^ Width of a postage stamp. _ 



mm 

mm 
•mm 
mm 
mm 
mm ^ 



B. DEVELOP YOUR ABILITY TO ESTIMATE IN .MILLLMETrIs 



You are now ready to estimate in millimetres. For each of the 
following items, follow the procedures ^ased for estimating in 
•metres. 

How Close 

Estimate .Measurement Were You? 
(mm) (mm) • 



1, 


Thickness of a 




nickel. 


2., 


Diameter (thickness) 




of a bolt. ''^^ • 


3. 


Length of n bolt. 


4. JVidthofa^sheet 




of paper. \ 


5. 


Thicknessof a board 




or desk top, -* 


6. 


Thickness of a 




button. 



-/ 



Exercise 1 
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*iREAMEASURE:MENT^ACTIVITIBS 
Square Centimetre, Square Metre 



WHEN YOL\DESCRIBE'THE,ARP.(t)F SOMETIUN'G. YOU ARE 
SAYING now .MAXJ SQfARES OF A GIVEN SIZE IT TAKES TO . 
COVER the' SURFACI^. ''^ 1^ 



r 7 



'1. THp SQUARE CENTIMETRE (cm^ 



A. DEVELOP A FEELING FOR A SQUARE CENTIMETRE . 

' 1. Take'a clear plastic grid, or use„th?grid on pagt 6, > 

-;2. Measure the length and width of one of these snialf^ 
squares with a centimetre rui^r. 

THAT IS ONE SQUARE CENTimRE! , 
3. 'Place ypur fingernail over the grid, About how many 



■1 



squaras^oesi^take to cover your fingernail? 
cm ' • 



4. Place a coin over the grifl. About how many squares 



does it take to cover the coin? 



-cm 



5. Place a postage stamp over the grid. About how many, 
squares does it take to' cover' t^e postage stamp? 



.cm 



, 6. Place an envelope over the grid. About libw many 
squares does it take to cover thefflvelqpe? 



.cm 



7. Measure the length and width of the envelope in centi- 

/^elres. Length cm ; width :_ cm. 

Multiply to find the area in square centimetre^. 

cm .X cm = cm- , How 

close are the answers you have^. and in 7.? 



\ 



. jB. DEVELOP y6uR ABILITY TO ESTIMATE IN SQUARE 

r\ ' > centStres ^ • 

' i ( You arc now ready to develop your Ability to estimate 

f in «quare centimetres. ' . , ' , 
. . , « ■ ' 

\ Remember the size of a square cenliwtre. For each of the 
' f following items, follow the procedures used for estiaiatingin 
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metres. • 

J . ' 



.' 1. Index card, 

^ 2. B^iok cover, •" 

3. Photograph, 

4. WWdQW pane^r 
■ desk tdp^-- 



• ^ V ■ ' ' Howdlose 
Estimate Measurement Were You? 



^ (cirf) (cm^)^ 



11. THESQUAR^TRE(hi') 

A. DEVELOP' A FEELING FOR A SQUARE METRE 

' 1, Tape four metre sticks together to make a square which^ • 
' is one metre long and one metre wfde. 

2. Hold the square up with one side on the floor to see how 

> big it is. 

^ 3. Place the squarf on the floor in a corner. Step back and 

. look. See how much floor space it covers. 

4. Place the square Over arable top or desk to see how 
much space it covers. *• ^ 

5. Place the squar^igainst the bottom of a door. See how 
much of thadoor it covers. How many squares would it 
take to covetthe door? ^m^ 

THIS IS liGp BIG A SQUARE METRE IS! ^ 



^Exercise 2 

(continued on next page)f 



A 



B, DivELOt^' YOUR ABILITY TO ESTIMATE IN SQUARE 
^RES ' 

Yoaare nowready to estimate in square metres. F'ollow fhe 
procedures used fqr estimating in metre^: 

Estimate Measurement Were You? 
(m-) (m 

•1. • Doo;. 

2. Fullshwt'of, 
newspaper. 

, 3, Chalkboard *or 
bulletin board. 

1. .Floor,. 

5. Wall., • 

6. .Wall chart or postfir. 
: 7, , Side of file cabinet. 



"CENTIMETRE GRID 




VOLUME MEASUREMENT ACTIVITIES 
Cubic Centimetre, Litre, Millilitre, Cubic Metre 



1 



I. TI1E,CUBIC CENTIMETRE (ciiT^: 



(^DEVELOP A FEELING FOR THE CUBIC CENTIMETRE ^ 

1. Pick UM colored plastic cube, Measure its length, _ 
[ i| h,eigl\ya^d width in centimetres. 

TIlATlSONEOliBlCCENTipREI , 

2. ' Find the vokifne 'of a plastic litre box. f 



- .1 



a. Place a RpWof cubes agaijist the bottom of pne,Jiae 
of the box. IIow;many cubes fit in J,he row? 




b! Place another ROW of cubes against an adjoining side 
of .the box. How many rows fit inside^the box 
to make one layer of cubes? _ 



/ 



•..Howmany.cub'esineachrow?. ■ ' ■ 

How many 'cubes in' the layer in tfifbottom of the- , 
box? ^' . 

c, Stand a I^OW of cut^es up agains1|ie 5id^ of the box. ' 
How many LAYERS wouldVft in the box? 

How many cubes in each layer?,, - ' 

How many cubes fit in the box altogether? — . — 

THE VOL0\|OF ThJ BOX IS _CUB1C: ' 

centimetrIs. , 

d. Measure'the length, width, a/id height of the box in 

centimetres. Length cm; width _cm; 

height cm. Multiply tliese numbers to find , , 

•the volume in cubic centimetres, 



V 



.f 



r 



B DEVELOP VOITI ABILITY TO ESTIMATEjN CUBIC ^ 
CBNTI ~~ 



{on are now ready tadevelop your ability to estimate 



in cin)ic centimetres, 




cm X ^cm X , ciTi = 

Are* the answers the same'in c\d d.? 



THt CEffTER FOR VOCATICxilAL EDUCATION 



cm'\ 



nember the W of a cubic centimetre. For each of 
the*foll(^wing iteys, 'use tlw procedures for estimating in 
' metres, . \ 

.■ \ Howaose ' 
• 'Estimate Me^jstirement -Were You?, ^ 

' ' (cm^) (cm') 

1.. ^"in^x'card file 



box, ' ' • 
; \ FreezeM:ontainer. 
3. ^Taper clip box,\ 
' 4. Box of staples. 

II. THELfTRElll 



A. DEVELOP A FEELING FOR A LITRE .' ^ " 

1. Take a one litre beaker and fill it with water, ':■...„ 

2. Four the water into paper cups,, filling each as full as you 
N^ally do. How many cups do you fill? 

THAT IS HOW MUCH IS IN ONE LlTllE! 

3. pi the litre coSainer with rice.' 

THAT J&HOWMUCH IT TAKES TO FILL A ONE 
LITRE CONTAINER! 



Exercises 

(continued on next page) 
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• / 

B/ develop YOl'R ABILITY TO ESTIMATE IN LITRE 

now ready to develop your ability to estimate in 
litres^To write two^rfne-half litres, you write 2.51, or * ' 
2.5 litres. To write bne-half litre, you write ff! 5 1, or 0.5 
litre. To write two arfd thre^fourths litres, you write 
f2.7S I, or 2.75 litres. V . > ■ 




B. DEVELOP YDUR ABILfTY TO ESTJMATE IN MILLILITRES 



For each of the following items, use the procedures for 
esliifating in metres. / ^^^^^^^^ 

^ fjstimate M^surement 



You are now ready to estimate in millilifres. Follow the 
• procedures- used for estimating metres. 

How Close 

Estimate Measurement .Were You? 

1. Small juice can. 

2. Pape; cup or tea 



%\. Medium-size 

Cr container, 
freezer 
container. ^ 

3. Small freezer : 
container. 

■4, Bottle Jr jug. 
m. THEMILLlLITRE(mli 



'There are 1 000 mjllilitres in one litre. 1 (j 
alitre^s 500millilitros,or0.51itre = 500 ml 

^ A. developafiJelingforamillilitre 

1. Examine a centimetre cube.^ Anything which holds 
• 1 cmMiolds 1 ml. 



Soft 
Bottle.. 



> 3, Mt drink can. 



/ 



IV. THE CUBIC METRE (m' 



i DJy^ELOP'A FEEING FOR A CUBIC METRE 



( 





i ' M Place a one metre square on the floor next to the wall. 

,2. Measure a metre UP-thawall. , 

// ." 3. Picture a box that woi^d fit in^hat space. 

\ THAT IS THE VOLUME OF ONE CUBIC METRE! 

' B. DEVELOP YOUR ABILITY TeESTIMATE lN CU6I.C Mtfes 

Y For each of.the, following items, follow the estimating prqced- 




V 



2, Fill a 1 niillilitre measuring spoon witl'i rice. Empty the 

spoon into your hand. Carefully \>m the rice into a 
I small pile on a sheet of t^per, ■ i., 

^ TH.'\TIS|OW.MUCHC|JE.\1ILLIOTREIS!-^ 

■Fill (he 5 ml spoon Wwice. Pour the ri|ilinto another 
pileon theiheetotpa^r.N ] 

(Tll.Vr IS ofllljiUTRES, OR ONE TEASPOON! 

4. Vlll the r5.ral spoon with rip-. Pour tlit' ricejnto a third 
tjinhe paper. 

TH.-Vr IS 15 MILLILITRES, OR ONE TABLESPOON! 
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\ ures used before. , 



rtow Qose 

Estimate Measurement Were You? 



1. Office desk, 

2. File cabinet. 

3. Small room. 



Exercise 3 



MASS (WeIgHTIMEASUREMENT ACT! 
Kilogram, Gram ■ ' ■ 




J 



A' 



The mass of an object is a . measure of the amount of matter in the 
object. This amount is always the same unbs you add or subtract some' 
matter from the object. Weight is the term tnat most people use iyhen 
they meajj mis, The weight of an dbject is affected by gravity; the 
mass of an object is not, For example, the weight of / person on eailh 
ijiight be 120 pounds: ijiat same person's weight on the moon would be 
20 pounds. This difference is becaui^e the p^ll of gravity on the moon 
is less 'than th^pull of gravity on earth. A person's inass on the earth 
and on the moon would be the same, The melrip syslem does not 
measure weight-it measures mass. We will use the term |iass IVere. 

The symbol for gram is g. ' / 1 

\j . ■ ■ 

The symbol for kilogrgfn is kg. - . ^ 

^ There are 1,000 gram's in one kilogram, or 1 000 g 1 kg. 

' a kilogram can be written as 500 g,or 0.5\^ ^ . . 

A quarter 6f a kHogram^ can be written as 2.5[ i,ot 0.25 kg, 

Two and three-folirths kilograms is written as 2. /o kg. ^ \ 

\ 

I 

L , THE KILOGRAM (kg) ' 

DEVELOP A FEELL\G FOR THE ^LASS OF<A KILOGRAM 

Using a balance or scale, find the mass of the items on the table. 
. Before you find the mass, noticefitow heavy the object "feels" 
and compare it ta the reading on the scale or balance. 
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Miss 
(kg) 



Ikilo^mbox. ' - 

2. T^xtboSfe^; , 

3. BagoTsugar.^ * 

4. ' Package of paper. 

5. YjiffWfi mass. 

B: • DEVELOP YOUR ABILITY t6 ESTIMATE IN KILOGRAM 

r J ' " 
For the following items ESJmjfTE' the mass oithe object in | 

' kilograms, then use theiso^le or balance to jind wie exact nias? 

of the object. Write the/exaCt mass in the MEASUREMENT 

column, Determine how dSsH^ouLfistij^ 




Estimate Measure 
(kg) (kg; 



1. Ba^ of rice. 

2. B^g of nails. 

3. Large purse or ' 
bpefcase. 

4. ' Another person. 

5. . A few books,' 




ow Qose 
nf' Were You? ' 



Exercise4 

(continued on next page) ' 
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11. :Till':%^M(g) 



'a. develop a feeling for a gram 



1. Take a colored plastic ciihf , I lold it in your hand. 
■ Shake thvaibe in your as frshakinft'dice. Feel the / 
pressure on your hand \vh}nlhe cube is inl^iolion, then 

V 



\v1ien it is^l in motion. W 
THAT IslllOW HEAVY ;VGRA.\1ISI 



2. Taljr i seckd cube and attach it to the.first. Shake the 
(•ilbe!!lh4irst)one hand and then 'the Qlher hanok r^st 
/he cubes near the tips of your fingers, moving your 
■'band up and down. 

^' THAT IS THE MASS OF' TWO GRAMS! 



3. Take five cubes in one hand and sdake them around. 
TtLATIST|!EMSSOFFlVE,GRAMSI 



rx' 



K 



B. ''DEVELOP YOUR ABILITY TO ESTLUm' IN GRA.\JS - • 

You are now ready to improve your ability to esliimte in'» < 
\ grams. Remember how heavy {h 1 gram culie-is. how heavy 

the two gram cubes are, and how hfavy tb,^ five^rqm t?ub«s • 
' al-e, ForeacbofthefolRh\ingitf;ms,7olIowthp<iii"ocediires '* 

used for estimating in kilograms, * " * 



1; Two 'thumbtacks. 

2. Pencil. 

3'. Two-page letter ^ 
and envelope. 

4. I^ickel. .. ' 

5. Apple. 

6. Package of 
margarine. 



. V ' flow Close 
Estimate Measurement Were You?- 

(g) (€) '., 
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Exercise 4 



TEMPERATURE MEASUREMENT ACTIVITIES 
Degree Celsius 



V » 



■I 
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I. .DEGREE CELSIUS ('0 ^ 

Degree Celsius (^C) is the irletric measureior temperature. 

. A. DEVELOP A FEELING FOT^ ©EGREE CELSIUS 



Take a Celsius thermometer. Lodk at the marks on it, 



1. Find 0 degrees. 

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C) 
^ WATER BOILS AT lOO DEGREES CELSIUS (100°C) 




2. Find the temperature of the room, 
room cool warm, or about right? 



'C. Is^the 



3. Put some hot water frond the faucet intiexontamer. 

'Find the temperature. J °C. Dwour fing^ . 

quickly 'in and out of the water. Is the water very h6t, 
hot, or just warm? 

f' 

4. Put some cold water in a container with a thermometer. ' 
Find the temperature. "^C. Dip your finger into| 

/the water. IsitcooUold,orvery cold? v / 

'< 

5. Bend your arm with the inside of your elbow around the 
bottom of the thermometer. After about three minutes 
find the temperature. °C. Your skin tempera* 

, ture is not as high as your body temperature. , 

NORMAL BODY TEMPERATURE IS 37 DEGREES 
' CELSIUS (37'C^ - 

AFEVERiS39'c:^ 

A VERY HIGH FEVER IS #C, 



B. DEVELOP YOUR ABILITY TO EST1\UTE IN DEGREES 
CELSIUS . 

' * ■ . ^ ^ ■ 
For each item, ESTIMATE and write down how many degrees 
Celsius you think it is. Then measure and write the MEASURE- 
MENT. See how close your estimates and actual measure- 
ments are, 

How Close 

' ' ' Estimate Measurement Were You? 



si 



1. Mx some hot and 
cold water in a 
container, Dip your 

' ■ finger into jhe 
water. ' 

2. "'Pour out some of 

the water. Add some 
hot water, Dip your 
^ finger quickly into 
the water. 

3. Outdoor tempera- 
ture. ■ ■ 

4. Sunny window sill. 

r 

5. Mix of ice and water. 

6. Temperature at 
floor, . . 

7. Temperature at 
ceiling. 



06' 
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UNIT 



-OBJECTIVES 

The student will recognize and use the metric 
tenns,Iinits, and symbols used in this occupa- 
tion. 

• Given a metrit unit, state its use in this 
occupation. , 

• Given a measurement:i^sk in this occupa- 
tion, select the appropriate metric unit 
and measurement tool. 



SUGGESTED TEACHING SEQUENCE 



1, Assemble metric measurement tools (rules, 
tapes, scales, thermometers, etc. ) and 
objects related to this occupation, 

2. Discuss with studeiits how to read the 
tools. ♦ 

■3. Present and have students discuss 
Information Sheet 2'and Table 2. 

4. Have students learn occupationally- 

related metric measurements by complet- 
' ing Exercises 6 and 7. 

■"o", Test performance by using Section A of 
"Testing M&tric Abilities." ■ 



METRICS IN THIS OCCUPATION 



Changeover to the metric system is uffder way. Large corporations are already using 
metric measurement to compet(in the world market. The metric system \p been iisell in 
various parts of industrial and scientifitftommunities.for years. Legislation, passed in 
1975, authorizes an orderly^transition to use of the metric system As businesses and 
industries make thislraetric changeover, employees will need to use metric measurement 
in job-related tasks. ' , . 

Table 2 lists those metric tjerms which ape most comm5nly used in this occupation. 
These terms are replacing the measurement units used currently. \\M kinds of job- 
related tasks use measurement? Think of the many different kinds' of measurements you 
now'make and use Tabje 2 to discuss the metric terms which replace them See if you 
can add* to the list of dses beside each metric ta-m . . ■ 




/ 
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Information Sheet 2 



iETRIC UNITS FOR- WASTEWATER- 



Quantity 



Linear dimensions 



Area 



Unit 



millimetre 



, centimetre > 



metre 



square centimetre 



square metre 



hectare^ 



square kilometre 



Symbol 



mm 



cm 



*cm^ 



ha 



km2 



Use 



Manometer tube;U-tube. 



•Diameter of a pipe; tubing. 



Length of a channel or sewer. 



Area of the nappe over weir, 



Area of a clarifier; trucking filter, 



Area ofalagoon(lilOmxlOOm), 
^ ^ 



Area of a collection system. 



Volume/Capacity 

( 



cubic^entunetre 



cm** 



cubic metre 



m** 



ml 



litre 



Capacity of j cylinder. 



Capacity of an aeration tank. 



Volume of thiosutfate for a DO titration. 



A lab sample., 



Mass 



Temperature 
Pressure 



Flow Rates 



Application Rate 



Power 



gram 



kilogram 



metric ton 



degree Celsius 



Idlopasd 



cubic metres p^/second 



a3/s 



cubic metres per minute 



m3/min 



cubic metres per day 



m^/d 



litres per second 



1/s 



grams per cubic metre 



g/m^ 



kilograms per day 



kg/d 



cubic metres per 
cubic megametre 



m^/Mm^ 



kilowatt 



kW 



Watt 



W 



Mass of a dry reagent. 



Sludge. 



Truck loads of sludge. 



Water temperature. 



Pump pressure. 



Flow over a weir. 



Flow through a channel. 



Flow through a wastewater plant. 



Flow through a pipe. 



Amount of chlorine used per m^ of water, 
, Chlorinator setting, m 



Grit removed per flow unit. 



Electric motor. 
Rating of a motor. 



Energy 



Joule 



iSnergy required to pump water. 



THEa 
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TRYING OUPMETRIC UNITS 



To give youT)riictici' with metric units, first estimate the measure- 
, ments of the items below. Write down your best guess next to the iteip, 
' • Then actually measure the item and write down your answers usiiig the 


■ 






.•V'lual 




Measuring cup (metric) 






correct metric symbols. 1 lie more you pi 


•aciice, me easu 


r 11 will oe, 


111 


Milk container 








Estimate 


Actual 


18, Bucket • . 


r 




Length 

* H. Palm width 






19. Small box 






2. Hand span 






ZD. iOOJ DOX 






'I Ceiling height of this ?oom 






21, Aeration tank 

— 1 ' " 






■1. Width of paper clip 


4— 




22. Cylinder 

/ ' ■ 






5. Thickness of nickel 






Mass 
. 23, Textbook 






• / 
.6, Width of^is room 






7, Diameter of U-tube 






24. Nickel 

1 






1 

8. Length of a fish tank 






25. Paperclip ^ 






9. Diameter of a manometer tube 






26. A litre of water (net) ? 






27. Roll of 50/50 solder 






Area 

10. Desktop 




* 


• 28. A quantity of dry reagent 






11. Classroom floor 






12, Workbench 






Temperature 

29,. Room temperature 






13. Sheet of paper 






30, Outside temperiure 






11. Pipe cross section 






3 li' Hot-tap-water--'-- 

* • 






V()liinie/Cai)aciiy 
15. Small bottle 






32. Ice water 
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WASTEWATER METRICS 



It is important 'l(]f;lfnow what metric measurement to use. Show 
what measurement to usejn the following situations. 



I Volume of an aeraffon tank 
^ . 



2. ^ Length of a channel. 



3, /\rea of a trickling. filter 



i i Amount of sludge inciilerated 



each day 



5. Capacity of a motor '-J 



. 6, ■ Depth of sludge placed on a 
* dryini; bed per filling 



7, Flow of water through a pipe 



r 



8. Size of waste treatment plant 



'\ 9. Amount of watef evaporated 
\ if.*' each hour 





10. Depth of a channel 



£11; A sedimentation tank: 
a, length ' 



width 



■0 j2. Diameter of a pi 



' ii'lfi. Area of a sllidge bed 



in- 

R Cross sectional area of a grit 
chamber 



■ 15. Volume of a fish tank 
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16, Volumeofaclarifier 



17. Mass of a wheelbarrow 



18. Mass.of.a set screw 



ejiScr 



19. Truck load of sludge 



20. Temperature of a stream 



21. Area of a lagoon or pond 



^ 

22, Volume of a 



grab ^ample 



i 



4 t 





Exercise 7 



UNIT 




■ OMECnVE 

■ • llie student will recogniz^ and use met- 
ric equivalents. 



• . Given a metric unit, state an equivalent 
in a larger or smaller nietrif unit. 



SUGGESTED TEACHING SEQUENCE 

I Make available the Information Sheets r- . 
(J.-S) and the associated Exercises 
(8 -14), one at a time. • ' 

2, .As soon as you have presented the 

Information, have the students complete 
each Exercise. 

f . '.'i- 

3. Check their answers on the page titled 
ANSmS TO EXERCISES AND 
TEST. • 



4. ..Test performance by using Section B of 
■/."Testing Metric Abilities" 



METRIC-METRIC EQUIVALENTS 
Centimetres and Millimetres 



D 




1 2 3 4 5 6 



2 3 4 5 6 



Look at the picture of the nail next to the ruler. The ii'ail is 5;? .mm long. This is 5 cm + 7 mm. 
There are 10 mm/in each cm, so 1 mm = 0.1 cm (one-tgnth ofta cenjimetre). This means that 
7 mijn = 0.7 cm, so 57 mm = 5 cm + 7 mm /' 

= 5 cm + 0,7 cm , / • 

= 5.7 cm. Therefore 57 mm is the same as 5.7 cm, * , ■ 

Now measure the paper clip. It is 34 mm. This is the same as 3 cm + ^mm. Since each 

millimetre is 0.1 cm (one;tenth of a centimetre), 4 mmr cm. So, the paper clip is 

34 mm = 3 cm + 4 mm , ' 

= 3 cm + 0.4 cm ' ^ ' ' 

= 3.4 cm. This means that 34 mm is the same 3S 3.4 cm. 

Information Sheet 3 



Now you try some, 

a ) 26 mm = 
b') 583 mm - 
• c ) 94 mm = 
d) 680 ram = 



, cm 
, cm 
cm 
.cm 



p ) 132 mm = . 

■f ) 802mm = . 

g) 1 400mm-' =. 

h) 2 307 ram 



cm ' 

cm ' 
cm 

era . 



8 
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Metres, Centimetres, and'Millimetres^^ 

There are 100 centi'mptres in on? metre. Thus, 

2ni" 2»100ein= 200™, 
. ' 3m» 3xl00cm-- aOOcm, 

8in= 8xl00crn» Soilcm, ... 
36 in = 36x 100 cm = 3 600 cm. 

There are 1 000 millimetres in one metre, so 

2m' 2xl000nim= 2 000 mm, 
3itl« 3,xl 000,nim= 3000mm, 
.6m« 6xl 000 nini= GOOOmin ' 
.'T^fm = 24 x 1 000 mm = 2,4 000 mm. 

From your work with decimals you should know that 

one-half of a metre ran be written 0.5 m (five-tenths of a metre), 
(Jne-fourth of a centimetre can be written 0.25 cm 
(twenty-fiv^ hundredths of a centimetre). ' 'i 

This means that if you want to change three-fourths of a metre to^ 
millimetres, you would multiply by 1 000. So 

0.75 m = 0.75 X 1 000 mm 

- jQpXiPmm 

.1000 
■= 75x"T50™ 

= 75x10 mm 

= 750 mm. This mm that 0,75 m = 750 mm. 



17 
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Information Sheet 4 



Fill \\\ the following chart. 



metro 


fontimetrc 


millimetre 




cm 


mm 




I 


100 


100(1 


2 


•200 




,1 








9 ■ 












5 flOO 




'■1 ■ ■ 










■ - m' 




/0.6-' 




Bdll 




.2.5 


> 25 










639 





-38 

^ittCJNTIR FOfl VOCATIONAL EDUCATION 



Exerci^ 9 



Millilitres to Litres, 

There are 1 000 millilitres in one litVe; This means that 



2 000 millilitres is the same as 2 litres. 
3000'mlisthesamea.s3litfes, 
■i 000 ml IS the same a.s I hires, 
"12000 ml is'lhe same as 12 litres,' 



Since there are 1 OOO millilitres in each litre, one way tp change milli 
litres to litres is to divide by 1 000. For example, 



Or 



IOOOidI =Yooo'i""«-l'''ff'' 

■2000 ml =™ litres = 2 li|jes. ' ' 

And,*as a final example, < ^ 
28 000 

28 000 ml = —'litres ^28litre5, 

What if something holds'ioo ml? How many litres is this? This is 
worked the same way. * 

500 ml =y|^ litre = 0,5 litre (five-tenths of a litre ), So 500 ml • 
is the same as one-half (0.5) of a litre. 

Change 57 millilitres to litres. 

57 ^ 

57 ml =]^' l'tre = 0.057 Iffre (Ofty-seven thousandths of a 



hire). 



•I- ■ , 



,. Information Sheet 5 

Now you try some, Complete the following chart. 



millilitres 


litres 


(ml) 


(1)^ 


3000 


3 


■ (iOOO 






8 


1 1 000 






23 , 


300 


. ,. OJL, 


700 






'. 0.0 


250 






0,47 


275 
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Litres to Millilitres 

Wliat do you do if you need tn change litrw tn millilitres? Remember, 
there are 1 000 millilUres in one liirc, or 1 litre - 1 000 ml. 



So, 



2 iilres =2 x 1 DOO ml ^ ,2 
7 litres = / x 1 000 ml ^ 1 
n litres :J;; ' x 1 000 mhl.'i uuu ml, 
0.65 litre = 0.65 x 1 000 ml = iiSO ml. 




Now you try some, ("omiilete the following diart, 



Inforrtiation Sheet 6 



litres 


itiillililrps 


1 


. ml 


H 


8 000 


5 




•IB 






:\2 ()(](] 


0,1 




().5;i 






IHO 



Exercise 11 



GramS'to Kilografts 

TluTt' an' 1 OflO grams in one kilofO'am. This means that 

2 000 grams is the samp"as 2 kilograms. 
5 000gisiht' same.as5kg, 
700 g IS the same as 0,7 kg, and sc^on. 

To ehange from grams to kilograms, you use the same procedure for 
changing from millilitres to litres. 



■ Try the following ones. 



i 


kilograms 

k 


1000 




9000 




2J0OO . 






8 






275 . 
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Kilograms to Grams 

4 

To change kiloin-ams to j^-ams, you multiply by 1 000. 

•! kr- 1 *xr000g= lOOOg. 
23 , kr-'l'l xlOOOf;-^;jOOOg, 
0./5kr "•'■TN 1 00(1 s= 750 g. 



Complt'tt' the folkiwinf! chart, 



Information Sheet 8 



kilograms 



().i;3 



25000 



175 



Exercise 13 



Changing Units at Work 

Some of the things you u.se in this oecupation may be measured in 
■ different metric units. Practice changing each of the following to 
metric equival^its by completing these statements. 



^ ' 340 ml of water is _ 

b) 23gof water is 

c ) 2300 g of solids is _ 
ci) 3 400 kg of sludge is. 



^ 1 120 mm pipe diameter is _ 

f ) 1 300 cm of pipe is ^ 

g ) 29 litres of water is 



^ ' 5 cm^diameter tube is _ 

' ) 250 ml of solution is 

j ) 0.25 litre of liquid is- ■ 

^ ' 250 mn diameter pipe is 
'' ) 0.75 ki' o( dry reagent is 

2.4 tol sludge is 

40 litre tank is 



1 

_kg 
-kg 
_ t ' 
_ cm 
m 

"ml 

mm 



jm] 
_ cm 

.g 
_kg 



V 
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OBJECTIVE 

The student will recognize and use 
instruments, tools, and devices for mea- 
surement tasks in this occupation. 

• Given metric and Customary tools, 
instruments, or devices, differer^tiate 
between metric and Customary. 

• Given a measurement task, select 
and use.aii appropriate tool, in- 
strument or device. 



. SUGGESTED TEACHING SEQUENCE 

I Assemble metric and Customary mea- 
suring tools and devices (rules, scales, 
^C thermometer, wrenches, micrometer, 
gages, meters, and glassware) and display 
in separate groups at learning stations. 

2. Present or make available Information ^ 
Sheet 9, 

3. Have students examine metric tools and 
instruments for distinguishing character- 
istics and compare them with Customary 
tools and instruments. ' 

4. Have students verbally describe charac- 
teristics. ; 

5. Mix metric'and Customary tools or 
equipment at learning station". Give 
each student a mll^ric assignment. 

6. Evalfeiteperformance fromfSection C \ 
of *'TestingJfetric Abilities." ' 



(^j TH£C 
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SELECTING AND USING 

METRIC INSTRUMENTS , TOOLS AND DEVICES 

Selecting an improper tool or misreading a scale can result in improper .dosages, 
damaged materials, or injury to\self or fellow workers. Fof example, putting 25 pounds 
per day of chlorine into a treated flow requiring 25 kilograms will not sterilize the out- 
flow. Here are some suggestions: , 

1. Find out in adviinre whether Customary or metric units, tools, instruments, or pro- 
ducts are needed for a fjivenjask. • 

2. Examine the tool or instrument before usiii^ it. ^ ■ , 

■ 3. ■ The metric system is a decimal system. Look fur .units marked off in whole numbers, 
lens or tenths, hundreds or hundredths, 

- 4. Look for metric symbols on the tools or gages such as m, mm, kg, g, kPa. 

5. Look for decimal fractiorfc (0.25) or decimal njixed fractions (2.50) rather than - 
common fractions (3/8) on drill bits, feeler gages. , 

6. Some products miiy have'a special.melric symbol such as a block M to show the^ are 
metric. - ' 

• I, Don't force bolts! wrenches, or other devices which are not fitting properly, 

8. Practice seloclint; and iisin[; tools, instruments, and devices. 

9. Note that a 3/8 in. ratchet for a socket wrench set, 1cm by 1cm or Icm^, 
fits Customary or metric sockets. 





43 



Information Sheet 9 



20 



UNIT 




OBJECTI\'E 

The student will recognize and use 
appropriate metric compound expressions 
used in wastewater treatment. 

• Given the event to be measured, 
recognize the correct metric ex- 
pression. 

Given the event to be measured, 
select and use the correct metric 
expression. 

SUGGESTED TEACHING SEQUENCE 

1. Present or make available Information 
Sheet lO''. 

2, Have students complete Exercise 15 
' and Exercise IG. ' 

« 

J 3. Test performance with Section D of 
"Testing .Metric .Abilities," 
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METRIC COMPOUND EXPRESSIONS 
FOR WASTEWATER*rREATMENT 

Metric units are combined in series to describe specific events. The rate of flow 
through a pipe is stated as cubic metres per second, m3/s. This expression measure? the 
amount of water (m3) that passes a certain point each second (s). 

The amount of water evaporated each hour is stated as kilograms per hour-kg/h. 
Various other combinations will be used to describe oth«r conditions. For example, ^ 
the amount of water flow each day (m^/d) compared to the sand filter surface area (m2), 
provides the compound expression ta3;d/m2, 

A compound may consist of 2 combined units or 3 combined units, Below is a 
^ chart showing combinatorial possibilities. This chart is not exhaustive, 

In a two-unit expression, any line item in ColumDi A may be combiined with any 
line item from Column B or C. 

In a three-unit expression, any line item in Column A may be followed by any line 
item from Column B plus any line' item from Column C. 



Examples: 
From: 



Column A 

Column A and B j 
Column A and B and C ^ 
Column A and C 



m3. 
m3/s 

m3/h/m^; 



METRIC COMPOUND EXPRESSION CHART 



Column A 


Column B ^ 


Column C,. 




^ , 




1, m 


^ s 


m 


2. m2 


min 


m2 


3. m3 


hr 


m3 


4. mg 


d 


mg 


5. g 


wk 


g ' 


6. H 


mo 


kg 


7. t 


a 


t ' 


8. 1 


yr . 


1 
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MEASURING UP IN 
WASTEWATER TREATMENT 



List the appropriate metric expression for the description given. . 



1. Flow aver weirs . 




2. Amount of wet solids disposed 




3. Amount of air cor^Rared to the 

dniUUni Ul WoirlcWalu ircalcQ 


1 


4. Surface area weir length ratio 




5. Amount of solids per day per 
surface area 


f. 


6. Mass each day of volatile solids 
compared to digester volume 




/ . ficdi rcijuirt'u pel amuuni ui 

water evaporated 




8. Mass of BOD applied each day 
compared to the volatile solids . 
unoer aerauon 




9. Flow each day per weir length . 




10; Mass of wet sludge e^h hour 
per unit of hearth area 




11. Amount ofchlorine per the 
^ amount of wastewater , 




12. Rate of water evaporated each ; 
hour 




13. Depth of wet sludge placed on ■ 
a drying bed per year 

I' 





What metric expression is required in the following statements? 

L A waste treatment plant receives 68 000 of domestic 

sewage and 15 000 ^ of industrial wastes 

2. A^20 1 sample of wastewater contains 2 000 _ 

3. A 1 .5' motor is used to drive a sump pump 

4. Influent BOD to a series of ponds is' 200 . 




5. There is a flow of 3 800 



primary effluent and 2 600 



containing 120_ 
air is used. 



BOD- 



6. The DO in a receiving stream was 10.3 mg/1 when the temperature 
was 11 

7; 110 of cTilorine are used to treat 3 785 m3 of water. 

8. A litre sample of wastewater contains 1.2 ^of a solid. 

9. Suspended solids removal at a plant yields 2 838 of dry 

weight suspended solids. \ 

each day of gas when loaded. 



10, A digester produced 27 000. 



11. The average temperature of a stream based on the following 
measurertents is 



Time 



. 12 noon 

■ 6p.m; ' "■' 

12 midnight 
6 A.M. 



Temperature °C 

12.7 

11.6 
10.4 



1^ 

W jL ^^^^^ VOjCATIOryAL EDUCATION 



Exercise 15 



Exercise 16 
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UNIT 




OBJECTIVE 

' The student will recognize and use metric 
and Customary units interchangeably in Jhis 
occupation* 

• Given a Customar\' (or metric) measure- 
ment, find the metffc (or Customary) 
equivalent on a conversion table. 

• Given a Customary unit^ state the re- ' 
placement unit. h 

?\ 

• . Given a metric (or Customary ) amount, 
state the approximate Customary (or- 
metric). amount. 



SUGGESTED TEACHING I^JENCE 

1. - Assemble part, pumps inci gages of 
wastewater treatment facility. 



2: Present or make a^ilable 
Sheet 11 and Table 3/ 



prmation 



*3. Have students find approximate metric- 
Customary equivalents by using 
-•/-Exercise 17, 

4. Test performance fciy.^using Section E 
of "Testing Metric 'Abilities." 



ERIC 
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METRIC-CUSTOMARY EQUIVALENTS 



During the transition period there will be a need for finding equivalents between systems,. 
Coaversion tables list calculated equivalents between the two systems. , When a close equivalent 
is needed, a conversion table can be used to find it. Follow these steps: i 

1. Determine which conversion table, is needed. 

2. Look up the known number in the appropriate vOluran; if not listed, find numbers you 
can add together to make the total of the known number. ■ 



3. Read the equivalent(s) from the next column. 



Table 3 on the next page gives an example of a metric-Customary conversion table whidi , 
you can use for practice in finding approximate equivalents. Table 3 can be used with Exercise 
17, Part 2 and Part 3. 

Below is a table of metric-Customary equivalents which tells you what the metric replace- 
ments for Customary units are.* This table can be used with Exercise 17, Part 1 and Part 3. The 
symbol ^ means "nearly equal to." • • . , 



f 

Icm^ 0.39 inch 
Im^ 3.28 feet 
lm^l.09 yards 
1 km ^ 0.62 mile 

1 cm- ? 0.16 sq in 
Im^ ^10.8sqft, 
Im^ ^l,2sqyd 
1 hectare 2,5 acres 

1 cm^ * 0,06 cu in 

1 m-^ ^ as.a^u-ft 

Im' ^l,3cuyd ■ 



1 inch* 2,54 cm 
Hoot* 0.305 m 
1 yard* 0.91m 
1 mile * 1.61 km 
1 sq in * 6,5 cm' 
1 sq ft * 0,09 m- 
1 sq yd * 0,8 m^ 
1 acre * 0,4 hectare 
1 cu in * 16,4 cm-^ 
lcuft*0.03m^ 
1 cu yd * 0,8 m-^ 



1ml* 

1 ml* 
11* 
11* 
11* 
11* 
11* 
1 gram * 

1kg* 
1 metric ton 

IkPa* 



0,2 tsp . 
0.07 tbsp 
33.8 fl oz 
4.2 cups 

2.1 pts 
1.06 qt 
0.26 gal Q 
0,035 oz 

2.2 lb 

* 2205 lb 
0,145 psi 



1 tsp * 5 ml 
1 tbsp * 15 m\ ■ 
hoz*29.'6'ml 
1 cup * 237 ml 
1 pt * 0.47 1 
1-qt* 0.951 
1 gal* 3.79 r 
loz*28,3g' 
lib* 0.45 kg 
1 ton* 907.2 kg 
1 psi * 6.895 kPa 



'Adapted from Let's Measure Metric. A Teacher's Introduction to Metric Measurement. Division'of Educational - 
Redesittn and Renewal, Ohio Department of Education, S, Front Street, Columbus, OH 4321 5. 1975. 



Information Sheet 11 



49 



7 



CONVERSION TABLES 



GALLONS TO LITRES t 



LITRES TO GALLONS 



gal. I 


gal. 1 


gal. " 1 


1 ' gal. . 


1 gal. 


1, 




100 


378.5 


10 


37.9 


1 


3,8 


100 


26.41 


10 


' 2.'64 


■ 1 


0.26- 


200 


757.1 


20 


75.7 


2 


.7.6 


200 


52.84 < . 


20 


5.28 


2 


0 53 


OAA 


1 1 fit c 

1 135,6 


30 


113.6 


3 


11,4 


300 ■ 79,25 


30 


♦ 7.92 


3 


0.79 




1 514.1 


40' 


151.4 


4 


15,1 


400 


■105,67 


40 , 


10.57 


4 




500 


1 892.7 . 


50 


189.2 


5 


18.9 


500 132,09 


50 ' 


13.21 


5 


1.32 


600 


2 271,2 


, 60 


227.1 


6 


22.7 


600 ' 


158,51 


60 " 15.8V ; 


• 6 


1,59.' 


700 


2649.7 


7Q 264.9- 


7 j 


' 26.5 


'700 


184,92 


70 


18.49 


7 


1,8'5,' - , 


800 


3 028.3 


80 . ,. 302,8 - 


« 30.2 


800 


211.34 


80, 


'21.13 


8 


2.11 ,j 


900 


3 406.8 


90 


340.7 


\9 


34.1. 


900 


237.76 


90 


23.78 


'9 ' 


2(38 



GALLONS TO CUBIC METRES 



CUBIC liJfBTRES TO GALLONS . 





gal. • 


gal. .m^ 


gal. 


. gal. 


gal. 




1,000,000 3 785 


160,000 


10,000 37.9 


^ — ' 

1,000 3.8 


106000 26,417,200 


10000 2,641,720 


1 000 264,172 


2,000,000 , 7 570 


200,000 i^757.0 


20,000 75.7 


2,000 7.6 


200 ObO ' 52,834,410 


20000 5.283,441 


2000 628,344 


3,000,000 11 355 ^ 


300,000 1135:5} 


30,000. 113.6 


3,000 11.4 


300000 79,251,610 


30000 7,925,161 


3000 792,516 


4,000,000 15140 


400,000 1 514.0 


40,000 151.4 


4,O0O . 15.1 


400000 105,668,800 


40000 10,566,680 




5,000,000 18 927 


500,000 , 1892.7 


50,000 189.3 


5^000 18.9 \ 


500000 13^,0^6,000 


50000 • 13,208,600 




6,000,000 22 712 


600,000 2 271.2 


60,000 227.1 


6,000 22.7 


-* « — — r' — 

600.000 . 158,503,20b 


.60,000 15,650,320 


6000 1,585,032 ^ 


7,000(000 ' 26 49B 


700,000 2649.8 

1 


70,000 265.0 


7,000 26.5 


700000 184,920,400 


70000 16,492,040 


7 000 1,849,204 


8,000,000 '30 028 


800,000 3002.8 


80, 


iloo Jmh 


' 8.0,00 30.0 


' 800000 ^ 211,33*^,600 


> 80000 21,133,760 " 


8000 2,113.376 


9.000.000 34 069 


♦ 

9(V)»000 3406,9 


90,000 340.7) 


9,000 34.1 


900000 237,754,800 ' 


90000 23,775,48Q 


9000 2,377,548 
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ANY WAY YOU WANT IT 



You are working in a wastewater treatment plant.. With the change 
to metric measurement some of the devices you measure are marked only 
in metric units. You will need to be familiar with appropriat£ Customary 
equivalents in order to communicate/ To develop your skjjl use Table 3 
to.do the following exercises. 

1. A flow measuring meter at a wastewater treatment plant 
recorded the following flow data. Convert it to the appro- . 
priate metric equivalents: 



Customary • 

"a).Mond_ay 8,000,000 gals. 

b) Tuesday 3 //,500,000 gals. 

c) Wednesday 8,140,000 gals. 

d) Thursday 8,737,0(fO gals. 

e) Friday 10,000,000 gals, 
n (Saturday ' 9,660,000 gals, 
g.)' Sunday ' '7,122,000 gals. 



Metric 



2. 



A series of new wastewater treatment plants along thelacdon 
River have the following daily flow rate. Convert to gallons for 
reporting purposes. 



Plant ", 

• A 
B . 
C 



Metric Flow ' . Customary Quantity 

40 000 m3 ' ^ 

24'000m3 ■ , 

59 000m3' 



3. The water consumptiori;of a home for a week was read in litres. 
Convert the data to gallons. ' ' . . ' 



Customary 





■. . Metric 


a ) Monday ' 


. '■,900 litres 


b )' Tuesday 


850 litres 


c ) Wednesday 


• 797 litres 


d ) Thursday . 


958 litres 


e ) Friday 


699 litres 


f ) Saturday 


910 'litres 


g ) Sunday * 


785 litr?s 



4, The flow thru four channels was as follows. Convert to litres. 





Customary 


>A, 


900 gals. 


B ' 


780-gals. 


C 




D 


ffiSgals. 



■ i 
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SECnONA' 



1. One kilogram \% about the mn ^ 
of a: - . 

|A|^ nickel 

[B| apple seed 

(C) basketball 

[D] Volkswagen "Beetle^' 

2. A square metre is about the 
area of: 

[A] this sheet of paper / 
[B| a card table top . 
(C) a bedspread 
|D| a postage stamp 

3. The mass of sludge is measured 
in: 

" [A] litres per second - 
{B] kilograms 

[C] cubic metres 

[D] hectares 

4. Application rates of chlorine 
^sed in water treatment are ' 
normally given in: 

[A I gi;ams per kilogram . 

[Bj millilitres per litre 

[CI cubic metres per day 

[D]j grams per cubic metre 

5. Thp correct way to write twenty 
-.graipsis: 

|A1.20([ms 

|B1 20 Gm. 

[C| .20 g. 

• [D| 20(! ■ ' . 




6. The correct way to write twelve 
thousand millimet'rei ii; 

[A] 12.000 mi^ 

[B] 12.000 mm 
1C|J^ 000mm 
(Dl \2(kmm 

SECTION B 

7. A pipe 100 mm in diameter 
is equal to: 

[A] 10 centimetres 

[B] 1 000 centimetres 

[C] 0.1 centimetre 

[D] 100 centimetres 



8. Two metric tons of sit 
a mass of: 



He has 



[A] 2 000 kilograms 

[B] 10 OOO kilograms 

[C] 20 000 kilograms . 

[D] 1 000 kilograms 

SECTION ,C . 

9, To measure ftillilftres, us^a; 
[A] scale 

[6] graduated cylinder 
[€] pressure gage 
[D] rule, 

10. To measure gram^ use a:*^ 
[A] pressures^ 

graduated cylinder 
[Ca scf^ 



ERLC 
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SECTION D 
11 



,ow over a weir can be 
^Bsed as: 

3/ 



[A|m'/day/g 

[Bl m^/day/km 
iC] ,m^/day/m 
[Dl m^/day/lltre 



12. The amount of dry sludge 
lolidi in the flow is expressed 
ail , 

[Al kw/rn^ 

[Bl litra/m^ 

[CI mVm^ 

[D] iln? ^ 



J3. The metric expression kg/h/m 
is used to describe: 

[A] \yater flow through a filter 

[Bl wet iludge on a heating surface 

[CI mil overflow rate 

[DP chlorine demand of an effluent 

14. The metric expression mgAitre is 
used to describe: 

[A] chlorine demand of an effluent 

[B] weir overflow rate 

' [C] water flow through a filter 
[D] wet sludge on a heating surface 

. SECTION E' 

'15. The metric unit which replaces 
the fluidf ounce is: ^ 

^ [Al millilitre ./ 

, ^[B] pm 

. [C] litre 

[D] hectare , , 



16. The metric unit which replaces 
the acre is: 

[A] ' metre 

[B] hectare ' . 

[C] cubic centimetres 

[D] gram 



Use this convjirsion table to 
answer questions 17 and 18. 



m^ gal. 


c 

10 000 


2,641,720 


So 000- 


5,283,441 


30 000 


7,925,161 


40 000, 


10',566,880 


50 000 


13,208,600 


60 000 


15,850,320 


gal. 


1 000 


264,172 


2 000 


528,244 


3 000 


792,51'6 


4 000. 


1,056,688" 


5 000 ■ 


1,320,860 


6 000 


1,585,032 



17. The equivalent of 15 OOO m-* is: 
[A] 15,000,000 gal. 

[B 1^15,000 gal. 

[C] 3,962,580 gal. 

[D] 2,§41,720gal. 

18. TheeqI<^alentof61 000 m^ is: 
[A] 15,850,320 gal. 

[Bj 16,lJM92«al. 

[C) .61,000«al. 

[Dl 61,000,000 gal. ■ 
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■.TESTING METRIC ABIUTIES 



ANSWERS TO EXERCISES AND TEST 



EXERCISES 1 THRU 6 

The answers depend on the items 
•■ ''Used for the activities. 

EXERCISE 7 

Currently accepted metric units of 
measurement for each question are 
• shown m Table 2. Standards in each 
occupation are being established 
now. so answers mavvarv. 



Exercise 10 



Exercise 13 



EXERCISES 

al 2.6 cm 

b) 58.3 cm 

cl 9.4 cm 

d) 68.0 cm 



.e) 

f) 

gl 
h) 



13.2 cm 
80.2 cm 
140.0 cm 
m7cm 



EXERCISES 9 THRU 13 



Tables are reproduced in total An- 
swers are in parentheses. 

Exercise 9 



metre 
m 


centimetre 
cm 


millimetre 
mm 


1 


100 


■'■'looo 


2 ' 


200 


(2 000) 


' 3 




(3 000) 


9 


■ 1900) 


(9 000) 


15) 


1500) 


5 000 


1\ 


(7 4001 


(7-1000) 


0.8 


80' 


• (800) 


0.6 


■ 160) 


600 


10,025) 


2,5: 


25- 


lO.IlS) 


(1-1,8) 


148 


i6:39) 


639' 


(6 390) 



TH{C 



millilitres' 


litres ■ 


ml 


1 




0 






(8 000) 


8 


il4 000)' 


(14) 


(23 000) 


23 


300^ 


0.3 


700' 


(0.7) 


(900) 


0,9 


250 




(470)' 


0.47 


275 


■(0.275) 


Exercise 11 


litres 


millilitres 


■1 


ml 


8 ■ 


'8 000 


r 

0 


(5 000) 


46" 


(46 000) 


(32) 


32 000 


■ ^0:4 


(■400) 


0.53 


(530') 


(0.48) 


; 480 


Exercise 12 


grariis 


kilograms 




kg. 


■ 4 000 


4 ' 


9 000 


(9) 


23 000 


(23) 


■(8 000) 


8 


300 


(0.3) 


275 


(0,275) 



Lie 
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kiloMms 

k 


gi'ams 

• g 


'i 


7 000 


11 


(11 000) 


(25) - 


25-000 


0.4 


(400) 


0.63 


(630) 


(0,175). 


■ 175 



Exercise 14 



a ) 


0.34 litre' 


h) /50mm 


b) 


0.023 kg 


i ) 0.25 litre 


c ) 


2.3 kg 


j ) 250 ml 


.d) 


3,4 1 


k) 25cm 


e ) 


■12 cm 


1 ) 750 g 


f) 


1.3 m 


m) 2 400 kg 


•g) 


29 000 ml 


n) 40 000 ml 



EXERCISE 15 

Im^/s 

2, m^/yr 

3. m^/m^ 

4, mVm 

5. g/d/m^ 

6. g/d/m^ 

7, kJ/kg. 

EXERCISE 16 



8. g/d/g 

9. m^/d/m 

10. kg/h/m- 

11. gW 

12. m'/h ■ 

13. m/yr 



EXERCISE 17 
Parti. 

a) 30 028 m^ 

b) .28 390.7'm^ ; 

c) 30 557.9 

d) 32817.9jii' 

e) 37854 m^ 

f) 36 567.3 

g) 26 959.8 m^, 

Part2; 

a) 10,566,880 gal. 

b) 6,340,129 gal. 

c) 15,586,148 gal. 

Part 3. 

' ^ a) 237.76 gal. 

b) 224.55 gal. . 

c) 210,55 gal. , 

d) 253.08 gal. 

e) 184.67 gal. 

f ) '240.40 gal. 

g) 207.37 gal. 

Part4. . 

a) 3 406.8 litres 

b) 2 952.5 litres ' 

c) 3 160.8 litres- 

d) 2 642.1 litres 

TESTING METRIC ABILITIES 



l.m^/d,m^/d 


6.°C 


U 


7. kg 


3. kW 


8.g 


4. mg/litre 


9. kg 


S.m-Vd, 


10. m'^ 


mg/litre. 


11.12°C 


m^/d 





1. 


C 


10. 


C 


2. 


B 


11. 


C 


3. 


B 


12. 


D 


4. 


D 


13. 


B 


5. 


D 


14. 


A 


6. 


D 


15. 


A 


7. 


A 


16. 


B 


8. 


A 


17. 


C 


9. 


B 


18. 


B 
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SUGGESTED METRIC TOOLS AND DEVICES 
NEEDED TO COMPLETE MEASUREMENT TASIfS 
IN EXERCISES 1 THROUGH 5 \ 

f* Optional) % 



UNEAR 

Metre Sticks 
"Rules, 30 cm 
Measuring Tapes, 150 cm 
^Height Measure 
*MetreTape, 10 m 
*TrundleWheel 
*Area Measuring Grid 

1 

VOLUME/CAPACITY 

*ltliting Measures, set of 5, 
'SOmMOOOml 

Economy Beriter, set of 6, 
N 50 ml- 1000 ml 

Metric Spoon, set of 5, 
. 1ml -25 ml 

Dry Measure, set of 3, 
r 50,125,250 ml 

Plastic Litre Box 
Centimetre Cubes 




MASS 



Bathroom Scale 
*KilogramScale 
*Platform Spring Scale ^ ■ 
5 kg Capacity 
10 kg Cfapacity 
Balance Scale with 8-piece 

mass set 
*SpringScale,,6 kg Capacity 

TEMPERATURE 

Celsius Thermometer 
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SUGGESTED METRIC TOOLS AND DEVICES 
' NEEDED TO COMPLETE OCCUPATIONAL 

MEASUREMENT TASKS ' ' 

i 

In this occupation the tools needed to complete Exercises 6, 
15, and 16 are indicated by"*." 

A. Assorted Metric Hardware-Hex nuts, washers, screws, 
cotter pins, etc. 

B. Drill Bits-Individuiil bits or sets, 1 mm to 13 mm range 

C. Vernier Caliper-Pocket slide type, 120' mm range 

D. Micrometer-Outside micrometer caliper, 0 mm to 25 mm 
range 

E. Feeler Gage-13 blades, 0.05 mm to 1 mm riige 

F. Metre Tape-50 or 100 m tape 

G. Vjliermpmeters-Specia! purpose types such as a clinical 

thermometer 

H. .' Temperature Devices-Indicators used for ovens, fireezing/ 

cooling systems, etc. 

I. Tools-Metric open end i^r box wrench sets, socket se'^, 
hex.key sets 

J. Weather Devices-Rain gage, barometer, humidity, wind 

velocity indicators 
K. 'Pressure Gages-Tire pressure, air, oxygen, hydraulic, fiiel, 

etc. 

L. ' Velocity-Direct reading or vane type meter 

M. Road MaprState and city road maps 

N. Containers-Buckets, plastic containers, etc., for mixing 

and. storing liquids 
0. Containers-Boxes, buckets, cans, etc., for mixing and 

storing dry ingredients 

Most of the above items may be obtained from local industrial, 
hardware, and school suppliers. Also, check with your school district's 
math and science departments and/or local industries for loan oT their 
metric measurement devices. 



'Measuring devices currently are not available. Substilut? devices (i.e., themiometer) 
may be used to complete the measurementitask. 
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LetyUewH Meiric^ A Tecchir'i Introduction (o Metric Mmmkcnt Divi* 
lion of Educitional Redeiign and Renewal, Ohio Depiurtment of Educa^ 
tion, 65 S. Front Street, Colum))Ui, OH 4321|i975, 80 pagei; $1.50, 

inuitindudech^cktoitatetreaiiiier. 

. f. * ■ .• ■ , 

:^ , . Actiyi^ }ntipductipn„to^|^^^ 

* /lent or ftoup toiervice education itudy. Introductory information about 

l^netric measurement; reproducible exercim apjply metric concepts to 

. commonjMiiurementiituatloni;|abmtoryactivitl(lfo^ 

i groupie Templates for making metre Upe, litre box, ^uaie ci^ 

iUcflstrmg with Meters, or, How to Weiih a Gold Brick Mh q Meter-Stkk / 
Metrication Institute of America, P.O. Box 236;Northfleld/IL 60093, 
1974, 23 min., 16 mm, sound, color; $310,00 purchase, $31.00 rental. 

Film presents unitifor]ength, area^ volume and man, relating each unit 
tomanycommopobjecti. Screen overprints show cortect use of metric 
symbols and ease of metric cilcuhtions. RelatioDsliips among meM^^ j 
meaaures of length, area, volume, and mau are iHostraied k^i^^ 
and unforgettable ways< 

Metric Educdtiont An Annotated hihliograpky for Vocational; Tecftnica/ and 
Adult Educntidn, Ihtj^uctUtifixation, The Center fi^ocation^ 

cation, Tlie Ohio State University, tdumbus, OH 43210, 197U 
pages; (10.00. ^ 

C6mprehensive,jpiiography of instructional materials, reference mate* 
rials and resource list for secondary, post-secondary, teacher(f(lacatton, 
. and adult basic education. Instructional materiab indexed by IS 
pationaldusten, types 6fmaterials, and educational level < 

Metric Educution, A Poeition Paper for Vocationd, Techniai und AduU ' ^ 
fUucabon. l^oduct Utilization, Tie Center for Voc^^ 
The Ohio State University, Columbus, OH 43210, 1975, 46 pages;^ 
$3.00. ^ • ' ' / 

Paper for teachers, curriculum developers, ind adpLtraton in voca* 
tional, technical and adult educatibn. ppvers issues hi metric education, 
the metric system, the impact of metridition on vocational and technical 
< education, implications of ptrij! hutructiontp^^ hisic education, 
and curriculum ahdinstnictionalstratejlilf^ ^ ' 

Metrics in Career EducQtion. Lindbeck, John R., Charles A.' Bennett Company, 
Inc., 809 W. Detweiller Drive, Reoria, H ,61614, 1976, 103 pages, , 
$3.60, paper; $2.70 ((flantity school purdiase. 

Presents metric units and nptation in a weU^iUustrated m^r. Individual 
. chapters on metrics in d(^mng,metaiworktog,woodw^ 
energy, graphic artMnd home economics; Chapters followed by several 
learning activities^/or student u|^. Appendix includes conversion tables 
and charts. 

Takini the Tricks Out of Metrics. Metric Training Deparbnent, Creative' 
. Universal, Inc., Tower 14, 21700 Northwestern Highway, Soutileld, MI 
^ 48975,1976i4booklets;$3.00eachJ12.00set,dlscounU^^^^ ^ 




Series of bookleU pr?ienta step b]^ direetlbnsijuim^ . r^^, 

how to read metrii meuiirement tools; nolcronufttts; 'veimles^a^ 
dialindicators. ' . • •''„ ' ■- •^I'cf'^;",^ 



Metric Pnctict'GtiMe. Amerii»Societr{orTeitiB|uifM^^ 



C()nunoidylaownu"ME880;^tn^ 
. unhi lod ipboli, nibi (or 8l ityle.uid;!i!iMif - . 

miloh.fKton. '11ibIittit;nvi|ioq^(i(^ ;f||; 

bueuddtiiitd Slunib^qiiuiiqndi^ 
^ expanded iDd'niijttn;{in:^ 
' foriyioiudlWali^iUiSi^ 

■ METRIC SUPPUERS':;::?>^'/..;;|^ 
Brown ft ShiipeMQutich^ 

hdusttiilquiity'iiM 

■ Dick m^fiam 

. Iiulptlonil.quait^r^ 

'yei, Mer ind depth'gieci, bMMni'ihM 
'>!illimeUr hdttifeiif&^)ply Cor^ 

Induiliitf(iiteMii,tq^di^ 
-> ci]ipen,itedniIeiindtqMM(, 

' OhiiuSd<&»i>mtioi^ 2^ Floiluutt PttViil Vwi.^^ V - ; ;^ 

Initnctidiui quality aod pneUon Ijluneii Biid«ilii, pliitie eilpp^i^^ 




/ stackable gram cubes for beglnneii. 

INFORMAitlON SOURCES 

< 

Americ^i^atiqlial Metric Councfl,a62B Maswchuaettt Avemie, N.f ^ flWMn^ ':%'-,^-^^r 
. ■ DC 20036. ■'^'^^ 

Charts, posters, reports and pamphlets, Mefric /leporf«|newsletter. National , ^ 5 j 



metric coordinating council representing industry, government, education; 



prQfttKional and trade orfM^atio^ V ^ . *^ 

' National Buwaii orstindardi, Office of Infonnitlon AicyvitiWitlt fie^^ 
* of(!toiMetw, Waihington,I)C 202 y i ^ U > Wi" 



Free and ih^xpeniive metric charti and pubiieatioDi, abo lendr ffimi an^^ 



